Background: Standardized ginseng extract has become the best-selling cold and flu remedy in Canada, yet much controversy regarding the efficacy of ginseng in preventing common colds remains. Objective: To assess the efficacy of ginseng preparations for the prevention of common colds in healthy adults. Methods: Comprehensive bibliographic database, trial registry and grey literature searches were conducted up to December 2007. Randomized controlled trials or controlled clinical trials comparing North American (Panax quinquefolius) or Asian ginseng (Panax ginseng) root extract to placebo or no treatment in healthy adults were included. Two reviewers independently applied the study selection criteria and assessed methodological quality. Results: Five trials involving 747 participants were included. All five trials examined North American ginseng. The methodological quality of the trials varied widely. Ginseng preparations significantly reduced the total number of common colds by 25% compared to placebo (one trial; 95% CI: 5-45). There was a tendency toward a lower incidence of having at least one common cold or other acute respiratory infection (ARI) in the ginseng group compared to the placebo group (five trials; relative risk: 0.70; 95% CI: 0.48-1.02). Compared to placebo, ginseng significantly shortened the duration of colds or ARIs by 6.2 days (two trials; 95% CI: 3.4-9.0). Conclusions: There is insufficient evidence to conclude that ginseng reduces the incidence or severity of common colds. North American ginseng appears to be effective in shortening the duration of colds or ARIs in healthy adults when taken preventatively for durations of 8-16 weeks.
Introduction
Common colds are mild upper respiratory tract infections that are characterized by coughing, nasal stuffiness and discharge, sneezing and sore throat. The common cold is one of the most prevalent and widespread sources of morbidity throughout the world, and adults experience an average of two to four colds annually. Although the common cold is generally a mild, self-limiting condition, it is associated with a significant economic burden due to medical costs and lost work time [1] .
Common colds are one of the most frequent conditions for which natural health products are used [2] . One such alternative remedy that has gained much popularity in Canada during recent years is COLD-fX, a proprietary natural supplement isolated from North American ginseng root (Panax quinquefolius). This ginseng preparation is heralded as the "uncontested Canadian leader in the prevention of colds" and has gained widespread use, such that it now ranks as the country's best-selling cold and flu remedy [3] . However, much debate regarding the efficacy of COLD-fX in the prevention of common colds continues.
Recently, several clinical trials have investigated the efficacy of COLD-fX in reducing the incidence of common colds in adults. The purpose of this review is to describe and assess the evidence on the efficacy of COLD-fX and other North American or Asian ginseng root extracts in reducing the number, severity and duration of common colds and cold symptoms in healthy adults. 
Methods

Search Strategy. The research librarian (T.D.), in collab-
Study Selection. Randomized controlled trials (RCT)
and controlled clinical trials (CCT) were eligible for inclusion in this review. Participants in the primary studies were required to be adults (≥18 years) and be in good general health, as defined by the trial authors. Studies were considered for inclusion if participants in the treatment group received either: (i) COLD-fX, a proprietary standardized extract of North American ginseng root (CV Technologies Inc., Edmonton, Canada) or (ii) oral preparations of other root extracts of North American (Panax quinquefolius) or Asian ginseng (Panax ginseng). In trials using American or Asian ginseng root extracts other than COLD-fX, ginseng had to be the primary active ingredient. Appropriate comparators were placebo or no treatment. The studies identified in the search were initially screened for broad relevance by one reviewer (S. K.) based on their titles and abstracts. Subsequently, the full publications were retrieved and two reviewers (J. K. S. and S. K.) independently assessed the eligibility of potentially relevant trials using a standardized form. Disagreements were resolved by consensus.
2.3.
Outcomes. The primary outcome was the incidence of common colds throughout the trial period. "Cold" was classified using the definition of the trial authors. Secondary outcomes included the severity, duration of colds, cold symptoms and adverse events. Trials that reported the combined incidence of any acute respiratory infections (ARIs) including common colds, such as the combined incidence of either cold or influenza, instead of measuring occurrences of common colds separately, were also included in the review.
Quality Assessment.
Two reviewers (J. K. S. and S. K.) independently assessed the methodological quality of each included trial with the validated Jadad scale [4] . Concealment of treatment allocation was assessed using the criteria of Schulz and colleagues [5] . Disagreement between the reviewers regarding the quality ratings was resolved through discussion.
Data
Extraction. Data were extracted independently by two reviewers (J. K. S. and S. K.). A standardized paper-based extraction form was used to collect details regarding the study design, population, intervention, measured outcomes and other relevant study characteristics (e.g. source of funding, language of publication, etc.). Agreement between the reviewers was confirmed prior to entering data.
Data Analysis.
Analysis was conducted using Review Manager 4.2 [6] . Meta-analysis was performed to pool results across several trials where the population, intervention, comparison group and outcome were considered to be comparable. The I 2 statistic was used to assess all the pooled estimates for heterogeneity. Continuous outcomes were combined using a weighted mean difference, and the inverse variance method was used to assign weights to the trials. Relative risk for harm was used for the dichotomous outcome, and the Mantel-Haenszel method was used to assign weights to the trials [7] .
For all meta-analyses, a random effects model was used. For each outcome measure, a point estimate and its respective 95% confidence interval (95% CI) were calculated. A forest plot was created for outcomes for which the results of two or more studies were pooled.
A subgroup analysis was planned a priori to compare trials using North American ginseng extracts to those using Asian ginseng extracts. Similarly, a sensitivity analysis was planned to compare the respective influence of studies of high and low quality. There was an insufficient number of trials to construct a funnel plot or to conduct a quantitative analysis to assess for publication bias.
Results
Study Selection.
A flow diagram of the retrieval and selection process is shown in Figure 1 . Independent review of the 37 potentially relevant studies identified five relevant RCTs published in four articles [8] [9] [10] [11] single 800 mg dose of COLD-fX in preventing respiratory infections compared to a placebo in healthy adult employees of continuing care facilities. The expected completion date was April 2006. No additional information regarding this study could be retrieved.
Study Characteristics.
The characteristics of the included trials are shown in Table 1 . All of the five included trials were parallel-arm RCTs and were published in English between 1996 and 2006. Four of the RCTs [8, 10, 11] examined the efficacy of COLD-fX [a poly-furanosyl-pyranosylsaccharide-rich extract of North American ginseng root (Panax quinquefolius)] in the prevention of colds compared to placebo, while the remaining trial [9] compared the prophylactic use of Ginsana G115 [a standardized extract of Asian ginseng root (Panax ginseng)] to placebo. All of the four COLD-fX trials were conducted in Canada and funded by the manufacturer, while the Ginsana trial was conducted in Italy and did not specify its source of funding. There was clinical heterogeneity among the five trials. Three trials included primarily elderly populations, with mean ages over 65 years [8, 11] , while the remaining two trials examined middle-aged individuals [9, 10] . The settings included longterm care facilities in two [8] and communities in three trials [9] [10] [11] , respectively. Table 2 indicates the methodological quality ratings for each study on the components of the Jadad scale and on the allocation concealment criterion. Overall, methodological quality was quite variable: two studies had high-quality scores using both the Jadad criteria (rated as 5/5) and Schulz's allocation concealment criteria (rated adequate) [10, 11] . In contrast, the remaining three studies had much lower quality scores, ranking 2/5 on the Jadad scale and with unclear allocation concealment [8, 9] . The agreement between the reviewers in assessing quality was high (κ = 0.86).
Efficacy.
Only one trial [10] reported outcomes specific to the common cold while the remaining four trials [8, 9, 11] reported combined data for ARIs including common colds. Therefore, both outcomes specific to common colds and those related to ARIs were combined in our analysis.
Primary Outcome.
Five studies reported the proportion of participants who experienced at least one common cold or ARI throughout the duration of the study. The incidence of common colds and other ARIs are shown together in the Figure 2 . The relative risk of acquiring at least one common cold or ARI was 0.70 (95% CI: 0.48-1.02) for study periods ranging from 8 to 16 weeks (Figure 2) , with a large amount of heterogeneity (I 2 = 68.5%). The trials favored ginseng, with the exception of one [8] , which showed no advantage of ginseng over placebo (relative risk 1.0). However, the size of the effect varied substantially across the trials and there was little overlap in the CIs between the studies.
The number of common colds throughout the study period was measured as a continuous outcome in one of the included trials [10] : Predy et al. found a statistically significant reduction of 25% (95% CI: 5-45%) in the total number of Jackson-verified colds experienced by the group taking COLD-fX compared to those taking the placebo. Jackson-verified colds were defined as a 2-day total symptom score greater than 14, where participants self-rated 10 cold symptoms on a scale ranging from 0 (no symptom) to 3 (severe symptom).
Secondary Outcomes.
Only one study [10] reported the effect of COLD-fX on the severity of cold symptoms. Daily, participants rated the severity of 10 cold symptoms (e.g. sore throat, runny nose, cough etc.) using a 4-point scale for each symptom, where a score of 0 indicated no symptom and 3 indicated severe symptom. The mean difference in the total symptom severity scores between the ginseng and placebo groups was −11.70 points over the 4-month study duration (95% CI: −33. 69-10.29 ).
The duration of colds and ARIs was reported in two trials [10, 11] . Colds or ARIs in the ginseng group were an average Incidence of ARI symptoms, duration of symptoms, AE.
COLD-fX reduced the relative risk and duration of respiratory symptoms, and is safe for daily use in immunocompetent seniors.
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Predy et al. [10] , Canada Incidence of colds reported and Jackson-verified, severity and duration of symptoms, AE.
Use of COLD-fX reduced the incidence of colds, proportion of subjects experiencing ≥2 colds, the severity and duration of colds.
Scaglione et al. Incidence of common colds and influenza, NK activity, specific antibody titres, AE.
Ginsana G115 helps improve human immune response and is able to protect against common cold and influenza.
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AE: adverse events; ND: not described; NK: natural killer cells; RCT: randomized controlled trial. of 6.2 days (95% CI: 3.4-9.0) shorter than in the placebo group (Figure 2 ). Heterogeneity between these two studies was negligible (I 2 = 0%).
Adverse events were assessed in all five trials. The overall incidence of adverse events reported varied widely from 4% [8] to 92% [8] . No trial found a statistically significant difference in the incidence of adverse events with the exception of Scaglione et al. [9] (7% in the ginseng group versus 1% in the placebo group, P = .04). The most common type of adverse event in all of the trials was "gastrointestinal symptoms", reported in up to 45% of participants in one trial [8] .
Subgroup and Sensitivity
Analyses. An a priori subgroup analysis was performed to examine whether the relative risk of acquiring a common cold differs between the four trials using COLD-fX [7, 9, 10], a standardized extract of North American ginseng, and the one study using Ginsana G115 [9] , an Asian ginseng extract. The relative risk of cold or ARI using COLD-fX was 0.85 (95% CI: 0.72-1.01), while the relative risk using Ginsana G115 was 0.35 (95% CI: 0.21-0.60). Deeks' method indicated that the type of ginseng used (COLD-fX versus G115) was a significant factor for explaining heterogeneity between the trials (Q = 10.2, P = .001), where prophylactic use of Ginsana G115 was favored.
A sensitivity analysis for methodological quality indicated that high quality studies, scoring 5/5 on the Jadad scale [10, 11] , had a relative risk of 0.74 (95% CI: 0.47-1.17) for acquiring a cold or ARI, while the remaining, lowquality studies (Jadad score of 2/5) had a relative risk of 0.69 (95% CI: 0.35-1.35) [8, 9] . Therefore, trials of high quality in this sample tended to have a more conservative estimate of treatment effect compared to trials of lower quality. The heterogeneity was much greater between the studies of low quality (I 2 = 78.8) and those of high quality (I 2 = 48.2). However, methodological quality was not significant in explaining heterogeneity (Q = 1.34, P = .247).
Discussion
The current review assessed the efficacy of preparations of North American and Asian ginseng extracts for the prevention of common colds. The incidence of common colds or ARIs in the ginseng group compared to placebo was assessed in five studies, yielding a nonsignificant 30% reduction favoring the ginseng group. However, methodological quality varied widely and there was little consistency in the size or precision of the effect. Pooling the results of two trials that assessed the duration of cold and ARI symptoms showed a statistically significant reduction by 6.2 days when comparing ginseng versus placebo.
The present review had set out to investigate the effect of ginseng extracts on preventing the common cold, yet the majority of the trials reported only prevention of ARIs including colds. Therefore, the results can only be applied to ARIs in general, including more severe illnesses such as influenza, rather than the common cold alone. In addition, there was limited data available to address the effect of ginseng on cold duration and symptom severity, and the methodological quality of the included studies varied substantially. All trials had restrictive eligibility criteria with regard to medical conditions, medications taken and other factors such as smoking and pregnancy. Therefore, the results of this review may only be reflective of healthy adults who do not have certain risk factors for colds and ARIs (e.g. smoking), and the effect may differ greatly in more vulnerable populations. In addition, a substantial proportion of the participants were elderly individuals, therefore caution should be used when generalizing the results of the pooled analyses to populations of younger adults. Finally, there was little consistency in the magnitude of the point estimate and minimal overlap of the confidence intervals across the trials. Considering the few number of trials and participants, the heterogeneous study populations, the varying methodological quality and the inconsistency of results between the trials, care must be taken in interpreting the efficacy of COLD-fX and G115 in cold prevention.
COLD-fX is marketed for long-term use for cold prevention as well as 3-day high-dose use when individuals perceive the onset of a cold. The currently available data are insufficient to support the use of COLD-fX for the prevention of common colds. The authors were unable to identify any past or current trials that examine the efficacy of short-term use of COLD-fX in the treatment of colds which have already begun. However, COLD-fX appears to be effective in reducing the duration of ARIs after onset, showing a mean decrease of 6 days in the length of colds/ARIs of the COLD-fX group compared to the placebo group. This result was statistically significant, however, it should be noted that this finding was based on only two trials whose populations were heterogeneous in terms of age. The heterogeneity of the populations and small sample size of one of the pooled studies may have contributed to the wide confidence interval of the estimate (Figure 2) .
The efficacy of ginseng extracts must also be considered in light of potential adverse effects, which might occur as a result of its daily use. All studies reported adverse events and their frequency varied widely between the trials with the chief complaint being "gastrointestinal symptoms". Two subjects in the ginseng group in the Predy et al. [10] trial developed type 2 diabetes during the study and were subsequently withdrawn. There was no information as to whether these adverse events were deemed to be related to ginseng. In the other four trials, no serious adverse events related to ginseng were reported. However, there is need for a systematic investigation of any harmful effects that might result from prolonged and frequent ingestion of these standardized ginseng extracts.
Further trials on the effect of ginseng extracts on the common cold and other ARIs are needed, especially on the short-term therapeutic use for which COLD-fX is advertised. The majority of the trials identified in this review did not use systematic criteria in defining the presence of common cold. Future trials should classify the occurrence of colds using a validated instrument, as this would likely decrease the potential for misclassification bias.
Conclusions
Currently, there is insufficient evidence to support the use of North American ginseng extracts in the prevention of common colds. While there was a trend toward a lower risk of developing at least one common cold in the ginseng group compared to the placebo group across the five trials, this result must be interpreted with caution due to inconsistency in the size of the effect and precision, as well as the varying quality of the included studies. There is some evidence consistent across two trials that the duration of colds and other ARIs is decreased by an average of 6 days for individuals taking the ginseng extract COLD-fX.
